The aim of this study was to document the optimal spacing of two cannulae to form continuous strip lesions and maximal surface area by using water-cooled bipolar radiofrequency technology.
INTRODUCTION
Radiofrequency (RF) is now widely used in various medical departments for treating a wide variety of conditions including cardiac arrhythmia, benign prostatic hyperplasia, malignant tumors and chronic pain. In comparison with traditional monopolar RF, bipolar RF creates a continuous strip lesion that is proportional in size to distance between the electrodes. From this benefit, bipolar RF is reported to be superior in creating a larger and more predictable lesion over monopolar RF [1] [2] [3] . For this purpose, accurate prediction of lesion created by ablation is essential for less morbidity and more satisfying result especially in pain management. Water-cooled electrodes are capable of creating larger lesions than non cooled ones by removing heat from adjacent tissue and deliver power without causing high impedance and tissue charring [4] . By comparing the maximum surface area formed by conventional RF and cooled RF in egg white, these benefits of water-cooled RF could be specified.
This study is aimed to evaluate the maximum surface area formed by two parallel electrodes and the distance between them for creating a largest lesion.
MATERIALS AND METHODS
Two water-cooled needle probes (15 cm length, 18 gauge probe with 6 mm electrode tip) were placed in a transparent bowel filled with egg white and used to create the lesions. The needles were fixed by the sponge above the bowel to be placed in a parallel position spaced 10 mm, 20 mm, 24 mm, 26 mm, and 28 mm apart. The first probe was connected to the RF electrode system (Trans-Discal TM System, Baylis Medical, Montreal Inc., QC, Canada) in the usual manner recommended by the manufacturer, and the second probe was attached, through an adapter provided by the same manufacturer. Energy level was set to maintain electrodes 20 Watt and the following impedance was around 90 Ω. The temperature of the cooled electrodes maintained 35 o C while the temperature of the second electrodes raised with the same energy level between 10 to 12 Watt. The transparent bowel was used for a clear vision of the RF lesions. From the initiation of the lesion formation, photographs were taken every 1 minute through 30 minutes. The surface areas of the lesions were measured under the assistance of a computer-imaging program designed to estimate the area of irregularly shaped regions (UTHSCSA Image Tool 3.0, Texas, USA). All of the procedures were repeated twicely and the average was calculated.
RESULTS
Double trial was done in procedures of each distance apart and similar results were shown between two trials. Continuous strip lesions were formed when the cannulae were spaced 24 mm or less apart. From further distances apart, even with larger maximum surface area, two separate monopolar lesions were formed ( 
DISCUSSION
Recently for more accurate targeting and larger lesion formation, bipolar RF was proposed and has been applied in various procedures for pain management including sacroiliac joint denervation and facet rhizotomy [5] [6] [7] . In previous reports regarding use of bipolar RF ablation on sacroiliac joint dysfunction, placement of the cannulae less than 1 cm apart and treatment at 90 o C for 90 seconds was recommended [5] . Pino et al. [8] reported that using two 22-gauge, 100.5 mm cannulae with 5-mm active tips in egg white, a continuous strip lesion was formed when the two electrodes were placed closer than 6 mm apart. They reported that maximal surface area was 48.2 mm 2 after 90 seconds at 90 o C when the probes were separated by 4 mm. Using egg white as a medium, Choi et al. [9] reported that in order to create strip lesion through bipolar RF thermocoagulation, a more than 80 o C in temperature and 90 seconds in time was required for 5 mm active tip within 6 mm intervals, and 90 o C and 120 seconds for a 10 mm active tip within 8 mm intervals. We previously reported sequential bipolar radiofrequency technique in lumbar sympathectomy [10] . The reason that sequential bipolar radiofrequency technique used was that the lesion created by conventional RF technique was not large enough for area required for sympathectomy.
In comparison with a conventional bipolar RF, water-cooled tip RF enables a significant larger lesion. It is associated with current delivery at high power and prolonging the duration of RF delivery in cooled tip RF [11] .
Watanabe et al. [4] reported that by using cooled tip, depth and volume of myocardial lesion were significantly larger in dogs. For creating a larger lesion with less accurate targeting, bipolar RF with water-cooled tip is advantageous in various procedures of pain management of severe degenerative changes or failed back surgery syndrome in which accurate placement of electrode is difficult [5, 12] . A significant increase in delivered energy necessary for an increase lesion size is associated with an increased duration of RF delivery. Prevention or delay of carbonization which increases the duration of RF delivery was observed between 20 to 50 Watt [11] . In this study, the electrodes were maintained energy level between 10 to 12 Watt and the temperatures of the cooled tip were also kept about 35 o C to prevent carbonization. Continuous strip lesions were formed in three groups of 10, 20, and 24 mm. In group of 26 mm apart, the maximum surface area of two monopolar lesions around both cannulae tips was larger than a single lesion formed by a needle placed 24 mm apart. Two electrodes should be placed between 20 mm to 24 mm apart in clinical practice in order to -maximize the surface area and to form a resultant strip lesion. Treatment duration is required about 22 to 24 minutes to achieve maximal surface area.
As biologic effect of RF treatment is to denature protein, egg white, predominantly protein seemed a suitable medium in which to examine the production of a strip lesion [13, 14] . Moreover, translucency of the egg white allowed visualization of the formation of the lesion over time and not just the result. Considering that the size of the lesions may be varied by factors such as vascularity and tissue conductivity of heat [15] , further studies on medium other than egg white is required to exactly model in vivo tissue.
In conclusion, water-cooled bipolar Radiofrequency technology creates continuous "strip" lesions in size proportional to the distance between the probes when the distance between cannulae is 24 mm or less. Further trials with various medium are required to confirm the promising results by using bipolar RF with a cooled tip in pain management.
